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1 Introduction

The ideathat the dynamicsof a fire might be studiedusing digital computersprobably datesback to
the beginningsof the computerage.The concepthata fire requiresthe mixing of acomhustiblegaswith
enoughair atelevatedtemperatures well known to anyoneinvolvedwith fire. Graduatestudentenrolled
in coursesn fluid mechanicsheattransfer andcomhustionhave beentaughtthe equationghat needto
be solved for at leastaslong as computershave beenaround. What is the problem? The difficulties
revolve aboutthreeissues:First, thereare an enormoushumberof possiblefire scenariodo consider
Secondwe do not have eitherthe physicalinsightor the computingpower (evenif we hadtheinsight)to
performall the neccessargalculationdor mostfire scenariosFinally, sincethe“fuel” in mostfireswas
neverintendedassuch,thedataneededo characterizdoththe fuel andthefire ervironmentmaynot be
available.

In orderto make progressthe questionghatareasked have to be greatlysimplified. To begin with,
insteadof seekinga methodologythat canbe appliedto all fire problemswe beagin by looking at a few
scenarioghat seemto be mostamenablego analysis. Hopefully, the methodsdevelopedto studythese
“simple” problemscanbegeneralizeavertime sothatmorecomplex scenarioganbeanalyzed Second,
we mustlearnto live with idealizeddescription®f firesandapproximatesolutionsto ouridealizedequa-
tions. Thesedealizeddescription$have to bebasedn thekind of incompleteknowledgeof fire scenarios
thatis characteristiof real fires. Finally, the methodsshouldbe capableof systematiadmprovement.
Thus,asour physicalinsightandcomputingpower grow morepowerful the methodf analysiscangrow
with them.

The“Large Eddy Simulation”(LES) techniquedevelopedat NIST over a nearlytwo decadegoeriodis
our attemptto carry out the conceptuaprogramoutlinedabove. The phraserefersto the descriptionof
turbulentmixing of the gaseouguel andcomhustionproductswith thelocal atmosphersurroundinghe
fire. This processwhich determineshe burningratein mostfires andcontrolsthe spreadof smole and
hotgasesis extremelydifficult to predictaccuratelyThisis truenotonly in fire researchbut in almostall
phenomen@volving turbulentfluid motion. Thebasicideabehindtheuseof theLEStechniques thatthe
eddieghataccounfor mostof themixing arelargeenougho becalculatedvith reasonablaccurag from
theequation®f fluid mechanicsThe hope(which mustultimately be justified by appeato experiments)
is thatsmallscaleeddymotioncaneitherbe crudelyaccountedor or ignored.

Theequationglescribinghetransporof massmomentumandenegy by thefire inducedflows must
be simplified so that they canbe efficiently solved for the fire scenario®f actualinterest. The general
equationsof fluid mechanicslescribea rich variety of physicalprocessesnary of which have nothing
to do with fires. Retainingthis generalitywould leadto an enormouslycomplex computationataskthat



FIGURE 1: Snapshot of a ssimulation of 3 m square jet fuel r ein a 22 m high and 45 m wide
aircraft hangar. Contourscorresponding tothe mean ame temperature maximum and the highest
temper ature non-burning region are shown.

would shedvery little additionalinsighton fire dynamics.The simplified equationsdevelopedby Rehm
andBaum[1], have beenwidely adoptedby the larger comlustionresearclcommunity wherethey are
referredto asthe“low Machnumber’comhustionequationsThey describehelow speednotionof agas
drivenby chemicalheatreleaseandbuoyangy forces.

The low Mach numberequationsare solved on the computerby dividing the physicalspacewhere
thefire is to be simulatedinto a large numberof rectangulacells. In eachcell the “stateof motion”, i.e.
the gasvelocity, temperatureetc. areassumedo be uniform; changingonly with time. The computer
thencomputesalarge numberof snapshotsf the stateof motionasit changesvith time. Figurel shavs
onesuchsnapshobf a hangarfire simulation.Clearly theaccurag with which thefire dynamicscanbe
simulateddepend®n the numberof cellswhich canbeincorporatednto the simulation. This numberis
ultimately limited by the computingpower availableto the user Presentlay computerdimit the number
of suchcellsto at mosta few million. This meanghatthe ratio of largestto smallesteddylengthscales
thatcanberesohed by the computation(the “dynamicrange”of the simulation)is roughly
Unfortunately the rangeof lengthscalesthat needto be accountedor if all relevantfire processesire
to be simulatedis roughly . Much of the discrepang is dueto the fact that the comhustion
processethatreleasdheenegy take placeatlengthscalesof 1 mmor less.



